1. Introduction {#s1}
===============

Amiodarone, a versatile class III antiarrhythmic drug, is considered one of the most effective agents in counteracting supraventricular and ventricular tachyarrhythmia. The drug, however, has a high toxicity profile involving diverse organs. The World Health Organization (WHO) defines an ADR as "any response to a drug which is noxious and unintended, and occurring at a dose normally used in man".[@b1],[@b2]

ADRs, which are associated with the substantial expansion in the use of medications,[@b3] increase the risk of death, the length of hospitalization, and the cost of care.[@b4]

In the UK, ADRs are responsible for up to 6% of hospital admissions,[@b5] carry a mortality of 2%, and are associated with high costs. Similar ADRs hospital admission prevalence has been reported in studies conducted in Germany (6.5%)[@b6] and in Italy (6.1%).[@b7]

Amiodarone is widely used in patients with atrial fibrillation (AF),[@b8] and it\'s increasingly prescribed in elderly patients because of the increasing incidence of AF with age.

Older people are at elevated risk of ADRs for changes in pharmacodynamics, concurrent use of multiple medications and related interactions.

In this review, we focus on the pharmacology and adverse reactions of Amiodarone.

2. Amiodarone {#s2}
=============

2.1. General characteristics {#s2a}
----------------------------

Amiodarone ([Figure 1](#jgc-16-07-552-g001){ref-type="fig"}) is an iodinated benzofuran derivative, structurally similar to thyroid hormones, containing about 37% of organic iodine that is in part (\> 10%) released as free iodide *in vivo*. The daily maintenance dose between 100 and 600 mg, corresponding to 3.5--21 mg of iodine into the systemic circulation, equivalent to 35--140 fold excess of the iodine reference daily intake of 100--150 µg.[@b9]

![Amiodarone and its metabolites in human plasma.](jgc-16-07-552-g001){#jgc-16-07-552-g001}

Amiodarone shows electrophysiological characteristics of all four Vaughan Williams classes.[@b10] The most important effect belongs to class III antiarrhythmic, i.e., prolongation of cardiac action potential time. Class I activity on fast sodium (Na^+^) channels is more pronounced at rapid heart rates. In addition, Amiodarone has antisympathetic properties (class II activity), because noncompetitively inhibits α- and ß-adrenergic receptors. It possesses negative chronotropic effects in nodal tissues (class IV activity) by L-type calcium (Ca^2+^) channel blockade. Amiodarone also inhibits myocardial potassium (K^+^) channels. The anti-sympathetic activity and the blockade of Ca^2+^ and K^+^ channels slow the conduction and refractoriness in both the sinus and atrioventricular nodes.

2.2. Pharmacokinetics and metabolism {#s2b}
------------------------------------

Oral Amiodarone has a slow and variable absorption rate, with a bioavailability of about 40%. After the first dose, the peak plasma levels are achieved in three to seven hours. The onset of action may take several days to a few weeks, thus loading doses help to achieve therapeutic levels more quickly. Plasma levels with repeated dosing at 100--600 mg/day are approximately dose proportional, with a mean 0.5 mg/L increase for each 100 mg/day. The steady-state plasma levels range 1.07--1.19 µg/mL but are up to 20 times more concentrated in the thyroid.[@b11] The bioavailability may be influenced by age, liver disease, and interactions with other drugs or substances that inhibit or induce cytochrome (CYP) 450, thus affecting efficacy. Amiodarone is a lipophilic drug, which absorption is enhanced if taken with foods high in fat content,[@b12] and has a large but variable volume distribution (66 L/kg of body weight). It accumulates mainly in adipose tissue (from which it\'s released very slowly) and in highly perfused organs such as liver, lung, and skin. Because of its long biological half-life of up to 100 days, the activity may persist months after the interruption. About 10%--30% of Amiodarone crosses the placenta and a varying amount is excreted in breast milk.[@b10],[@b13] Long-term oral treatment in a dose between 200 and 600 mg/day has minimal effects on hemodynamics. It causes a dose-related negative inotropic effect through a reduction in systemic vascular resistance. Generally, it doesn\'t have an effect on left ventricular ejection fraction and can be used safely even in patients with significant left ventricular dysfunction. Hypotension is rare during oral therapy (\< 1%) but may occur in 16% of patients who receive intravenous treatment for refractory ventricular fibrillation or hemodynamically unstable ventricular tachycardia.[@b10],[@b13]

Amiodarone is mostly eliminated through biliary excretion in the gastrointestinal tract and minimally in urine. Hepatic metabolism proceeds mainly via N-dealkylation catalyzed by CYPP450, specifically CYP3A4 and CYP2C8. Desethyl-amiodarone ([Figure 1](#jgc-16-07-552-g001){ref-type="fig"}) shows a similar structure and electrophysiological activity, although less effective, of the parent drug.[@b14] Amiodarone inhibits p-glycoprotein and CYP450 enzymes that alter serum levels of other drugs or substances metabolized by these routes.[@b15]

Because of its water insolubility, Amiodarone is dissolved in polysorbate-80, a substance that may contribute to side effects of the commercially available compound, i.e., reduction in blood pressure, heart rate, depression of atrioventricular node conduction, and increase in atrial and ventricular refractory periods.[@b16]

Upon infusion, a large percentage of Amiodarone binds to proteins, mainly to albumin and in a smaller percentage to beta-lipoprotein and alpha-1 acid glycoprotein.[@b17] Amiodarone is a strong hepatic and renal metabolism inhibitor. It inhibits different cytochrome P450 pathways, including CYP2C9, which metabolizes warfarin, CYP2D6, which metabolizes several beta-blockers and narcotics, and CYP3A4, which metabolizes cyclosporine and calcium channel blockers.[@b18] The most clinically relevant interaction occurs with digoxin and warfarin. Concerning warfarin, the reduced clearance leads to an increase in prothrombin time and international normalized ratio.[@b19] Digoxin levels double after Amiodarone co-administration, the result of P-glycoprotein transport system inhibition and consequent reduction in digoxin secretion from the renal tubules.[@b20] Therefore, it is recommended to halve digoxin dosage after the introduction of Amiodarone and to closely monitor plasma digoxin levels. Patients treated with Amiodarone should avoid grapefruit or grapefruit juice because it could inhibit Amiodarone conversion to the active metabolite.[@b21]

2.3. Indications {#s2c}
----------------

### 2.3.1. Oral administration {#s2c1}

Oral Amiodarone was approved by the Food and Drug Administration (FDA) for the treatment of life-threatening and recurrent ventricular arrhythmias, such as ventricular fibrillation or ventricular tachycardia.[@b22] Prospective trials, in patients treated with Amiodarone after myocardial infarction with left ventricular systolic dysfunction, have shown improved survivability.[@b23],[@b24] Despite these results, there is some evidence that Amiodarone could adversely affect survival in patients with New York Heart Association (NYHA) functional class III heart failure.[@b25]

Implantable cardioverter-defibrillators are superior to Amiodarone in improving survival in patients with sustained ventricular tachycardia or ventricular fibrillation due to a non-reversible cause, and in patients at elevated risk for sudden cardiac death, i.e., selected patients after myocardial infarction or with cardiomyopathy. The molecule is the first-line antiarrhythmic drug for patients with ventricular tachycardia or ventricular fibrillation who are not candidates for an implantable cardioverter-defibrillator (ICD).[@b26] Amiodarone has been used up to 70% in patients with an ICD to reduce frequent arrhythmias related shocks. Moreover, it can be used also to suppress symptomatic, un-sustained ventricular tachycardia.

Amiodarone is commonly used to treat AF although is not approved by the FDA for this purpose. The drug should be considered only after the failure of, or contraindications to, other medications because its potential organ toxicity. According to the American College of Cardiology (ACC)/American Heart Association (AHA)/Heart Rhythm Society guidelines,[@b27] it can be used to maintain sinus rhythm in coronaropathy patients presenting heart failure, left ventricular systolic dysfunction, left ventricular hypertrophy and/or drug-refractory symptomatic AF. Finally, some studies suggest that, Amiodarone may prevent AF related to cardiac surgery, but preoperative prophylaxis use is not universally accepted.[@b28]

### 2.3.2. Intravenous administration {#s2c2}

Even though tissue levels rise rapidly, effective arrhythmia suppression and prevention can take days or longer. Sinus bradycardia, atrioventricular blocks and torsade de pointes can occur after intravenous loading.[@b29]

Intravenous administration is approved by FDA for the treatment and prophylaxis of recurrent ventricular fibrillation, hemodynamically unstable ventricular tachycardia, and to prevent ventricular fibrillation or tachycardia in patients candidate to oral Amiodarone but unable to take the oral preparation.[@b30]

Based on the 2010 American Heart Advanced Cardiac Life Support guidelines, intravenous administration is the first choice for persistent ventricular fibrillation or pulseless ventricular tachycardia resistant to other resuscitative measures including epinephrine.[@b28] Amiodarone can be used to treat lidocaine-refractory ventricular tachycardia or ventricular fibrillation after acute myocardial infarction, "electrical storm" (multiple episodes of recurrent rapid ventricular tachycardia or ventricular fibrillation requiring multiple shocks over a brief time period), and non-sustained and recurrent ventricular tachycardia in patients with implantable cardioverter-defibrillators who experience frequent device shocks.[@b31]

The drug administered intravenously can treat also supraventricular, most commonly acute-onset AF, including perioperative cardiovascular surgery, in intensive care units, and in emergency departments. Although it can slow the ventricular response during acute-onset AF, it is not approved by FDA for this purpose.[@b32]

In placebo-controlled trials, intravenous Amiodarone has not been shown to convert AF acutely.[@b32] Although, it can reduce the occurrence of AF after cardiac surgery, a reduction in the length of hospital stay and adverse outcomes has not been demonstrated yet.[@b33] Intravenous Amiodarone is reported to induce heart block or bradycardia in 4.9% of patients, and hypotension in 16%.

2.4. Contraindications {#s2d}
----------------------

Amiodarone is contraindicated in patients with cardiogenic shock, severe sinus-node dysfunction, marked sinus bradycardia, second- or third-degree atrioventricular block, and syncope related to bradycardia. It is contraindicated in patients with a known hypersensitivity to the drug or to any of its components, including iodine.[@b34]

3. Side effects and adverse reactions {#s3}
=====================================

3.1. Cardiac adverse reactions {#s3a}
------------------------------

Amiodarone could impair sinus beat formation and conduction and may induce significant bradycardia, especially in patients with pre-existing conduction disorders, and marked prolongation of the QT interval. These events are due to its effect in blocking the potassium channels. This mechanism, moreover, can lead to dangerous polymorphic ventricular arrhythmia or torsade de pointes.[@b35] Physicians should be aware that QT elongation can be favoured temporary in patients on Amiodarone therapy, like severe lung disease, hypertension, concomitant antiarrhythmic drugs, antibiotics, antipsychotics, and anti-depressive drugs (Table 1).

Stramba-Badiale, *et al*.[@b36] reported that female gender may play a role in the occurrence of QT interval prolongation because sex steroid hormones may influence ventricular repolarization. In accord to this hypothesis, prolongation of QT interval during Amiodarone treatment in the female patients is found only after puberty. Notwithstanding, Amiodarone appears to have the lowest pro-arrhythmic action compared to other antiarrhythmic agents. The reason for the low incidence of pro-arrhythmia remains unclear but it\'s probably multifactorial.[@b37] Moreover, drug-induced QT prolongation most commonly occurs in patients with subclinical mutations in one of the genes causing the congenital long QT syndrome. In fact, the allelic variants of the coding region of congenital long QT syndrome, can be identified in 10 to 15% of patients with Amiodarone induced QT prolongation.[@b38]

Antonelli, *et al*.[@b39] showed that these patients are at higher risk of *torsade de point* after potassium channels blocking drugs administration, such as Amiodarone. Early episodes of *torsade de point* in patients on oral low dose (200 mg/day), in the absence of other predisposing factors, emphasize the importance of a careful patient monitoring.

Isoproterenol infusion is the drug of choice to increase the heart rate and to shorten the QT interval in patients with Amiodarone-associated symptomatic bradycardia and/or prolonged QT interval.

Amiodarone acutely infused intravenously can provoke hypotension by inducing vasodilation and depression of myocardial contractility. Curiously, this mechanism has been proposed to be more related to the eccipient polysorbate 80 or benzyl alcohol than Amiodarone itself.[@b40] In accord, experimental studies have shown that hypotension is not observed when is Amiodarone is dissolved in cyclodextrin.[@b40] Amiodarone may also cause signs and symptoms of allergic reactions, including angioedema, urticarial rash or even anaphylactic reactions that rapidly improve after drug discontinuation.[@b34]

3.2. Ocular adverse reactions {#s3b}
-----------------------------

Ocular alterations represent the most frequent side effect of Amiodarone. Among this group can be found a wide spectrum of abnormalities. Typically, Amiodarone, can led to corneal microdeposits (up to 98%), corneal opacities, lenticular changes, loss of eyelashes or eyebrows, papilledema, photosensitivity, scotoma, macular degeneration and optic neuropathy or optic neuritis.[@b41]

Symmetrical microdeposits in the granular corneal epithelium, anterior to Bowman\'s membrane, occurs early and are found in nearly 100% after 1 to 2 months of treatment.[@b42] Asymptomatic corneal opacities are present in 50%--60% of patients. However, these changes do not affect eyesight and drug discontinuation is not warranted.[@b43] Retinopathy has rarely been reported.[@b44] Clinical findings of optic neuropathy share features with non-arteritic anterior ischemic optic neuropathy (NAION), the most common cause of visual loss from optic nerve disease among individuals over the age of 50.[@b45]

Mindel, *et al*.[@b46] presented the largest study with the aim to associate Amidoarone and vision loss. In their study, 1600 patients for up to 45.5 months, failed to find an association between Amiodarone and bilateral toxic vision loss. However, it must be considered that in this study, patients did not go through an ophthalmologic evaluations, but just through a nurse\'s query on "optic neuritis", making unilateral or mild bilateral visual loss go undetected.

Recently, Passman, *et al*.[@b47] retrieved data from the FDA Adverse Event Reporting Systems and found 296 cases of optic neuropathy associated with drug therapy. Mansour, *et al*.[@b48] identified multiple lamellate inclusion bodies in large axons of the optic nerve, while demyelination or loss of large axons was not seen. Meanwhile, demyelination, loss of large axon and lamellate bodies are seen in the neurons and the Schwann cells of peripheral nerves in Amiodarone-associated peripheral neuropathy.[@b49],[@b50] Lamellate bodies deposits have been attributed to inhibition of lysosomal sphingomyelinases, but it\'s not clear whether histopathological differences are due to the type of cell or differences in the time course of ocular versus peripheral neuropathy findings before clinical symptoms develop.[@b44]

Amiodarone induced optic neuropathy and NAION differ with respect to optic disk appearance on funduscopic examination, sex distribution, laterality, and duration of disk oedema. Amiodarone-induced optic neuropathy occurs more often in men, tends to be insidious in onset, and two third of cases show bilateral involvement.[@b47] On the other hand, NAION tends to be equally sex distributed it appears often on acute onset, unilaterally, and resolves within weeks.

Moreover, whereas NAION occurs more often in patients with a small optic nerve cup-disk ratio, there is no particular cup-disk ratio associated with Amiodarone associated optic neuropathy.[@b51],[@b52]

Doubts can be related to the fact that many patients have concurrent therapy, more often with digoxin that, enhanced by Amiodarone, can decrease vision and alter colour perception, presumably as a result of optic nerve damage.[@b53] Ocular toxicity generally occurs within one year after starting the drug, with a median time to onset of visual symptoms within six months.

The National Institute for Health and Clinical Excellence guidelines for AF recommended Amiodarone use but are silent on recommendation relative to monitoring side effects. The Heart Rhythm Society[@b54] recommends an ophthalmologic evaluation for patients with pre-existing visual impairment or during follow-up if visual symptoms develop. Johnson, *et al*.[@b52] suggest equally spaced interval evaluations within the first year, followed by annual examinations to evaluate Amiodarone-induced optic neuropathy. When ocular toxicity is suspected it should be confirmed by ophthalmologic findings and reported to the appropriate surveillance system.

3.3. Pulmonary adverse reactions {#s3c}
--------------------------------

### 3.3.1. Epidemiology and Incidence {#s3c1}

Until 1980, there were no reports in the literature of pulmonary toxicity due to Amiodarone despite its widespread use since its introduction in the market in 1967. Rotmensch, *et al*.[@b55] hypothesized that the drug could have been responsible for pulmonary infiltrates in one of their patients. Afterward, Sobol, *et al*.[@b56] reported six cases of potential Amiodarone pulmonary toxicity (APT). All the reported patients showed interstitial fibrosis and pneumonia, and none had clear predisposing factors or pathologic findings indicative of an identifiable etiology. The risk of toxicity with Amiodarone increases with the total cumulative dose rather than with the daily dose or plasma concentration.[@b57] Although toxicity can occur at any time after treatment is initiated, patients considered at greatest risk are whose have received a daily dose of 400 mg or more for more than two months or a lower dose, commonly 200 mg daily, for more than two years.[@b58]

In the earliest descriptions of APT, when patients were usually taking 400 mg or more per day, the reported incidence of APT was between 5% and 15%.[@b59],[@b60] A lower rate of APT (1.6%) resulted in patients receiving daily Amiodarone doses of 400 mg or less.[@b61] Consistently, Goldschlager, *et al*.[@b62] reported an estimated rate of 2%. Polkey, *et al*.[@b63] emphasized hat there is probably no 'safe' dose of this medication, and this complication continues to be reported. Thus, Ott, *et al*.[@b64] noted eight cases of APT in patients receiving 200 mg/day, the dose most commonly used in clinical practice. These authors underlined the need for vigilance even with 'low-dose' Amiodarone therapy. Other conditions that increase the risk of pulmonary toxicity include age, pre-existing lung disease and/or an abnormal chest X-ray before starting treatment.[@b58] Furthermore, patients undergoing surgery and/or pulmonary angiography while on Amiodarone therapy have an increased risk for developing pulmonary adverse effects.[@b65] The latency time for the appearance of pulmonary toxicity is variable, usually from a few months to a year.[@b66] In rare cases, it can also develop from a few weeks to months after discontinuation of treatment. Acute respiratory distress syndrome (ARDS) attributable to treatment with Amiodarone has been described after general surgery, cardiac surgery, and thoracic surgery.[@b65] Jackevicius, *et al*.[@b67] presented a retrospective study, enrolling 57,393 patients with AF older than \> 65 years, in order to investigate the risk of developing Amiodarone induced pulmonary toxicity (APT). The study showed that APT occurred in 250 of 6460 Amiodarone users (3.87%) and 676 of 50,993 nonusers (1.33%). From their results, it\'s found a nearly threefold higher crude incidence of APT in "users" compared to "nonusers". The incidence of about 4% APT was in agreement with the rate of 10% reported by previous studies.[@b67] The risk was greater in men (nearly up to 40% increased risk of APT in men versus women), older patients, and those with chronic obstructive pulmonary and kidney disease.

### 3.3.2. Pathogenesis {#s3c2}

The side effects of Amiodarone, including its main derivate desethyl-amiodarone seems related the highly lipophilic characteristics and the concurrent long half-life, which is wide variable (35--100 days), and accumulation in the different tissues of the body, including the lung.[@b68] Although still uncertain, the pathogenesis of lung injury seems to be a direct toxic effect on the turnover of intracellular phospholipids.[@b60] In patients with APT, tissue sections show infiltration of polymorphonuclear cells and lymphocytes, as a proof of inflammation and a possible immune reaction to the drug.[@b60] Jessurun, moreover, showed type II Pneumocytes hyperplasia and widening of alveolar septa with varying degrees of interstitial fibrosis.[@b59] A typical finding is the accumulation of lipid-laden macrophages in the alveolar space. Ultrastructural examination of these cells shows membrane-bound lamellar bodies similar to surfactant.[@b69] It should be noted, however, that foamy macrophages, sometimes with lamellate inclusion bodies, have been reported in patients receiving chronic Amiodarone therapy in the absence of APT.[@b70] Bronchoalveolar lavage fluid is reportedly containing cytotoxic T cells supporting a role of an immune-mediated reaction playing a role in APT.

In some cases, there is little evidence of an inflammatory process and the predominant finding is nonspecific pulmonary fibrosis. This may be found after an acute episode of typical APT or diagnosed lately in latent forms.[@b71] On light microscopy, vacuolization of the cytoplasm is seen in alveolar Pneumocytes, bronchial epithelial cells, and endothelial cells.[@b69],[@b72] Less frequent pathological manifestations of APT include patchy bronchiolitis, obliterans organizing pneumonia or a severe diffuse alveolar damage with hyaline membrane formation.[@b73]

### 3.3.3. Clinical and lab findings {#s3c3}

The patterns of lung involvement in patients with APT are variable and include chronic interstitial pneumonia with or without fibrosis, bronchiolitis with or without organizing pneumonia, and ARDS. Individuals usually present with progressive shortness of breath, non-productive cough, malaise, fever, and occasionally pleuritic chest pain.[@b59],[@b64],[@b73] Physical examination may be unremarkable in milder cases, but in more severely affected individuals, diffuse rales, hypoxemia, and respiratory distress may be noted. Having no clinical and histological features, the diagnosis of APT is of exclusion. Laboratory data may reveal a leucocytosis that is rarely due to eosinophilia. A nonspecific elevation in lactic dehydrogenase or serum KL-6, a mucin-like glycoprotein, is often present but does not distinguish APT from other interstitial lung diseases.[@b73],[@b74]

Pulmonary function tests usually reveals low lung volumes and a restrictive pattern in these patients. The diffusion lung capacity for carbon monoxide (DLCO) should always be performed before starting therapy, particularly in patients with previous lung disease. In fact, an isolated, small reduction in DLCO is present in most patients in chronic therapy, and it should not be considered a sign of pulmonary toxicity but of drug exposure.[@b75],[@b76] This is attributed to an increase in phospholipids and pulmonary surfactant. The Congestive Heart Failure-Survival Trial of Antiarrhythmic Therapy study,[@b75] reported a reduction in DLCO by 6% after 1 year of treatment with Amiodarone, compared to patients treated with placebo (*P* = 0.02). In the subgroup of patients with COPD, the DLCO was reduced of 11.4% versus no variations in patients treated with placebo. This finding highlights the toxicity of the drug that increases in the presence of lung injury.

Moreover, these patients can develop different degrees of hypoxemia related their chronic lung disease worsened by the Amiodarone pulmonary toxicity.

### 3.3.4. Radiographic features {#s3c4}

High-resolution computed tomography (HRCT) scanning has greater sensibility than chest X-ray to highlight the pulmonary injury. The HRTC images usually reveal bilateral interstitial, alveolar, or mixed interstitial and alveolar infiltrates.[@b77] Pleural thickening is commonly seen, especially in areas where the infiltrates are densest, while pleural effusion is a less common finding. High attenuation may be noted incidentally during HRCT on views of the liver and spleen, related to the accumulation of Amiodarone and its metabolites in tissue macrophages. This latter finding is not necessarily associated with APT.

Gallium scanning might demonstrate increased, non-specific, parenchymal activity and may help to differentiate infiltrates from oedema due to congestive heart failure, a condition frequently present in patients taking Amiodarone.[@b78] A more unusual radiographic finding in patients with APT is the presence of single or multiple pulmonary nodules, or mass-like opacities.[@b27] They are most often seen in the upper lobes, frequently peripherally adjacent to the pleura. These nodules are due to localized drug deposits in areas of previous inflammation and usually have high attenuation for the presence of iodine-rich Amiodarone in type II pneumocytes within the lesions.[@b79],[@b80] It is important to know that these nodules/masses have increased uptake on fluorodeoxyglucose positron emission tomography scanning, falsely suggesting a lung neoplasm.[@b81] The most dramatic manifestation of APT is a rapidly progressing diffuse pneumonitis with acute respiratory failure and features typical of ARDS. This condition has been reported after contrast infusion for pulmonary angiography, and particularly in patients undergoing cardiac or pulmonary surgery, especially pneumonectomy.[@b73],[@b79],[@b82] Van Meighen, *et al*.[@b30] reported an incidence of ARDS of 11% after pulmonary surgery in patients treated with Amiodarone, compared with 1.8% in those without. Susceptibility to Amiodarone-induced lung damage may be particularly relevant in patients undergoing major cardiothoracic surgery, in relation to the presence of chronic lung disease and the concomitant use of mechanical ventilation in the perioperative period. Moreover, some authors hypothesized that Amiodarone is a potential, unrecognized cause of acute respiratory failure in the intensive care units.[@b82] These data suggest that physicians should careful doublethink of starting Amiodarone in such a high risk population as chronic lung disease patients.

### 3.3.5. Diagnosis {#s3c5}

The Amiodarone pulmonary toxicity must be considered for all patients treated with Amiodarone presenting new or worsening pulmonary symptoms such as a non-productive cough, shortness of breath, malaise, fever, pleuritic chest pain, and new infiltrates on chest X-ray.[@b73] The physical examination often reveals bilateral inspiratory crackles.[@b83] In most cases, the diagnosis is made by exclusion because these patients often have associated morbidity that exposes them to the risk of pulmonary oedema, pneumonia, pulmonary embolism or other acute events, which complicate the diagnosis. Isolated, small reduction in DLCO without clinical evidence of disease is not specific and not diagnostic for APT.[@b84] Fibre optic bronchoscopy with bronchoalveolar lavage (BAL) and transbronchial biopsy can be extremely useful in ruling out other causes of diffuse lung disease. BAL cells may reveal evidence of an inflammatory or immune response,[@b59],[@b52] but is not diagnostic for Amiodarone toxicity. Thus, total or differential BAL cell count, while they may suggest the presence of pneumonitis, do not allow Amiodarone to be directly implicated. Likewise, lung biopsy, though it may be helpful and may show a characteristic lipoid pneumonitis, is more often non-diagnostic and may reveal just aspecific inflammatory changes.[@b85] Plasma levels of Amiodarone are non-diagnostic, but elevated levels of its metabolite, desethyl-amiodarone, have been found to be more frequent in patients with a diagnosed pulmonary toxicity.[@b86]

### 3.3.6. Treatment {#s3c6}

Once the diagnosis of APT is considered plausible, the drug should be discontinued. After that, clinical and radiological improvement can be slow in relation to the long half-life of the accumulated drug in the lung. It has been suggested that the more insidious the onset of the disease, the slower the resolution.[@b59] The general consensus is that corticosteroid should be given to patients showing extensive involvement on imaging or hypoxemia in the attempt to accelerate the recovery process and possibly to minimize the likelihood of lung fibrosis.[@b83] Prednisone is started at doses of 40 mg/day to 60 mg/day orally and tapered slowly. Again, the pharmacodynamics of Amiodarone dictates treatment for 4 to 12 months.[@b58] Cases of relapse on early steroid withdrawal have been reported. Okayasu, *et al*.[@b87] suggested that patients with excess adipose tissue, as measured by a high body mass index, are more susceptible to recurrences with steroid tapering because of the high concentration of lipophilic Amiodarone within their adipocytes.

Things get complicated when patients develop APT and are unable to take off Amiodarone due to the complexity of the arrhythmias. Zaher, *et al.*[@b88] proposed that an APT evaluation should take place in order to understand its severity in these patients. No life-threatening, and Amiodarone alternative is to reduce the dosage to the minimum effective dose in association with low-dose of steroids.

### 3.3.7. Screening and follow-up {#s3c7}

Recommendations to reduce the risk of Amiodarone toxicity suggest chest X-ray and pulmonary function tests, including DLCO, obtained before therapy and a yearly chest X-ray as long as patients remain on Amiodarone treatment.[@b61] An immediate chest X-ray and pulmonary function testing should be performed if there is clinical suspicion of pulmonary toxicity.

### 3.3.8. Prognosis {#s3c8}

When diagnosed early, the prognosis of Amiodarone-related lung disease is usually favourable. However, the more advanced disease may be fatal or result in pulmonary fibrosis.[@b58] Clinical improvement and clearing of pulmonary opacities typically require 1--3 months.[@b83] Radiological follow-up shows complete clearing in about 85% of patients while residual opacities persist in the remaining patients.[@b89] A mortality rate of 5%--10% due to pulmonary has been attributed to Amiodarone doses hiogher than 400 mg/day.[@b59] Yet in patients who develop acute respiratory distress syndrome and require mechanical ventilation, mortality is as high as 50% to 100%.[@b90]

3.4. Hepatotoxicity due to intravenous Amiodarone Infusion {#s3d}
----------------------------------------------------------

Approximately 25% of patients taking Amiodarone develop a transient asymptomatic rise in serum aminotransferase levels. Symptomatic hepatitis, cirrhosis, and hepatic failure are less common complications that involve less than 3% of patients under Amiodarone chronic, oral treatment.[@b91] Amiodarone-associated hepatitis shares histological features with alcoholic hepatitis and includes steatosis, fibrosis, and phospholipid laden lysosomal lamellar bodies.[@b92] Hepatitis due to intravenous Amiodarone infusion (HIVAD) is extremely rare and only 34 cases, of which six, have been reported in the literature.[@b93] The pathophysiological mechanism is still unknown. HIVAD shares many characteristics that are seen in ischemic hepatitis. Gluck, *et al*.[@b94] proposed that acute liver injury is related to liver ischemia, rather than direct drug toxicity. The majority of cases reported in the literature show evidence of poor forward output, hepatic venous congestion, impaired circulation, and acute kidney injury that in turn facilitate ischemic hepatitis. Drug infusion is associated with elevation of transaminases within 24 h. The role of polysorbate 80, which is used to solubilize Amiodarone for *i.v.* use, cannot be excluded.[@b95] Polysorbate 80 has been implicated in the E-ferol syndrome, described in infants, characterized by hepatomegaly, splenomegaly, cholestatic jaundice, renal failure, and thrombocytopenia. Liver histology of this syndrome shows Kupffer cell exfoliation, centrilobular accumulation of cellular debris, and panlobular congestion.[@b96] Lahbabi, *et al*.[@b95] published a case report of acute hepatitis during Amiodarone infusion but showing normalization of liver function tests thereafter during oral Amiodarone treatment. This observation supports the concept that HIVAD could be related to the diluent rather than the drug.

Whatever the cause of HIVAD, physicians should be aware of this possible mechanism and regularly obtain a liver function panel subsequent to parenteral drug infusion, and proceed with caution in the setting of heart failure and hepatic congestion. The role of polysorbate in inducing the acute liver effects could not be excluded.[@b97]

3.5. Amiodarone-induced dermatologic side effects {#s3e}
-------------------------------------------------

Dermatologic side effects include photosensitivity (24%--57%) and blue-gray skin discoloration (1%--7%).[@b98] The mechanism of the reaction seems to be related to the active metabolites generated by UV radiation and oxygen free radicals. Phototoxic effects of Amiodarone and desethyl-amiodarone were shown *in vitro* tests related to the use of photohemolysis, DNA synthesis inhibition assay in phytohaemoagglutinin-stimulated lymphocytes and finally the killing of macrophages obtained from mouse peritoneal fluid.[@b99] Skin lesions, which usually occur after at least four months of therapy and with the minimal cumulative dose of 40 g,[@b100] are typically erythematous or eczematous in appearance, iching and sun exposed areas, i.e., hands, face, and neck. Rare cases of toxic epidermal necrolysis, exfoliative dermatitis, vasculitis, polyserositis, bullous dermatosis, and pustular psoriasis have also been described.[@b101]

Few cases of Amiodarone-induced air-loss and alopecia have been reported in the literature.[@b102] Samanta, *et al*.[@b103] described a case of complete alopecia resolving eight months after Amiodarone discontinuation. Despite this side effect is considered to be very rare, it has been supported by two studies where drug re-challenge led to the recurrence of alopecia.[@b104] Although alopecia doesn\'t seems to be the most dangerous side effects of Amiodarone, it can be related to a reduction in self-confident through psychological issue that can be even be worse in female patients.

3.6. Amiodarone induced epididymitis {#s3f}
------------------------------------

About 20 cases of Amiodarone-induced epididymitis have been reported.[@b105],[@b106] Amiodarone-induced epididymitis is a chronic condition that usually appears bilaterally without fever or leucocytosis. In these patients, discrete amount of Amiodarone metabolites have been found toaccumulate locally. Histological examination reveals focal epididymal fibrosis and lymphocyte infiltration.[@b105] The time course of drug therapy and the reported urological symptoms varies from 4 to 71 months.[@b107] These symptoms can resolve upon Amiodarone discontinuation within 10 days to 3 months. Finally, in patients unresponsive to painkiller and unable to discontinue medication epididymectomy could be considered.[@b108]

3.7. Hematological side effects {#s3g}
-------------------------------

Pancytopenia, hemolytic anaemia, and aplastic anaemia are rare hematologic side effect reported in patients on Amiodarone. Ten cases of bone marrow granulomas have been reported in the literature.[@b109],[@b110] These patients--presenting with severe thrombocythemia, paraproteinemia, and anemia or pancytopenia, underwent bone marrow biopsy that revealed normocellular marrow with multiple non-caseating granulomas negative for acid-fast bacteria and fungi.[@b111] No data were presented about discontinuation and rechallenge, but the time on medication and the absence of other possible ematological causes, led to be amidoarone the first suspect. Physicians should consider Amiodarone as a cause of bone marrow granuloma in patients taking this antiarrhythmic drug and presenting with cytopenia.[@b110]

3.8. Psychiatric side effects {#s3h}
-----------------------------

Only few cases of altered mental status[@b112] related to Amiodarone therapy have been reported. These cases included catatonic depression,[@b113] hallucinations and delirium.[@b114] Although the prevalence of this disorder is extremely low, it is worthy of note the time-dependent relation between the onset of therapy and the beginning of psychiatric symptoms. Barry, *et al*.[@b115] reported a case in which symptoms appeared after four days of Amiodarone therapy, decreased after discontinuation, and appear again after four days re-challenge. Despite the casuistry is very small, discontinuation and re-challenge are the strongest factors to ADR diagnosis.

Moreover, it has been reported that blood drug concentration is associated to neuropsychiatric disorders like, tremor, asthenia, hallucinations, and agitation.[@b112] The effects of Amiodarone on thyroid functionality could explain the humour variability seen among different patients. However, the few cases of Amiodarone-induced catatonic depression presented with poorly increased TSH levels are not enough to justify this theory.[@b113] Delirium and altered mental status are frequent features of in-hospital, chronic heart disease old people. These patients are the best candidates to start oral Amiodarone therapy.

It is plausible to think, that new Amiodarone medication could have led to plenty of undiagnosed in-hospital altered mental status.

3.9. Amiodarone induced neuromuscular disorders {#s3i}
-----------------------------------------------

Amiodarone-induced neurologic side effects have a prevalence of 3%--30%[@b58] include tremor, ataxia, peripheral neuropathies, gait disturbances, myopathies, paraesthesia, vestibulopathies and insomnia.[@b44],[@b48],[@b116] Flanagan, *et al*.[@b117] reported that patients with neuro-myopathy showed clinical features of proximal and distal muscle weakness, dysphagia, ataxia, and poly-myoclonus. Electromyography revealed short duration, low amplitude, rapidly recruited motor unit potentials in the proximal muscles. Muscle biopsies revealed features of necrotizing myopathy and vacuolar myopathy. After Amiodarone discontinuation, patients improved in 2--6 months, with a decrease in creatine kinase blood levels. Amiodarone is an amphiphilic cation and could interact with anionic phospholipids of organelles, which may predispose to the formation of autophagic vacuoles seen in muscle biopsies; meanwhile, its metabolite desethyl-amiodarone may accumulate in muscle tissue.[@b118] In the study of Abarbanel, *et al*.,[@b49] Amiodarone therapy was associated to a peripheral neuropathy characterized by demyelination, loss of large axons and deposits of lamellated bodies, attributed to inhibition of lysosomal sphingomyelinases.

3.10. Thyroid adverse effects {#s3j}
-----------------------------

Thyroid adverse effects related to chronic Amiodarone therapy are frequent. Functional thyroid disorders are caused by its high iodine contents, that is 37 mg/100 mg, whose 10% is available for metabolic processes of deiodination.[@b119] Thyroid abnormalities have been reported in up to 14%--18% of patients receiving long-term Amiodarone therapy.[@b120] Based on a meta-analysis, Amiodarone lower oral dose (150--330 mg) is associated to thyroid dysfunction in 3.7% of patients.[@b13] The clinical presentation may reveal hyperthyroidism, which is more frequent in geographical areas with low iodine intake, such as Europe - or hypothyroidism, which is more frequent in iodine-replete areas, such as the United States.[@b13],[@b120],[@b121]

Amiodarone is recognized to act at different enzymatic and non-enzymatic levels in the thyroid:[@b122]

It inhibits type 1 5′-deiodinase enzyme activity thereby it decreases the peripheral conversion of thyroxine (T~4~) to triiodothyronine (T~3~) and reduces the clearance of both T~4~ and reverse-T~3~. Consequently, the serum levels of T~4~ and rT~3~ increase and the serum levels of T~3~ decrease by 20%--25%.

Amidoarone, inhibits type 2 5′-deiodinase enzyme activity in the pituitary gland due to feedback regulation. It occurs in the first 1-3 months of therapy and leads to an increase in thyroid-stimulating hormone (TSH) levels. This is not an indication for T~4~ replacement in these patients. Serum TSH levels are normalized in 2--3 months when T~4~ concentration rises sufficiently to overcome the partial block in T~3~ production.

It inhibits entry of T~4~ and T~3~ into the peripheral tissue. Serum T~4~ levels increase by an average of 40% above pre-treatment levels after 1--4 months of treatment with Amiodarone, but it does not constitute evidence of hyperthyroidism. T~4~ levels can be clearly elevated or at the upper limit of normal range.

Amiodarone and its metabolites show a direct, dose-dependent cytotoxic effect on the thyroid follicular cells, by an iodine-independent mechanism, causing destructive thyroiditis consisting in areas of necrosis, macrophage infiltrations, and inclusion bodies. These effects are present also in other organs, such as liver, skin, lung, heart, cornea and peripheral nerves. Amiodarone and its mean metabolically metabolite desethyl-amiodarone can act as a competitive antagonist of T~3~ on the cardiac cells.

The excess of iodine caused by Amiodarone inhibits thyroid hormone synthesis, leading to hypothyroidism in through the Wolff-Chaikoff effect.

Amiodarone and desethyl-amiodarone block T~3~ binding to nuclear thyroid receptors and decrease expression of some thyroid hormone-related genes such as α-myosin heavy chain and the low-density lipoprotein receptor. In summary, serum T~4~ levels rise by 20%--40% during the first month of therapy and then gradually fall toward high normal. Serum T~3~ levels decrease by up to 30% within the first few weeks of therapy and remain slightly decreased or low normal. Serum rT~3~ levels increase by 20% soon afterward and remain increased. Serum thyrotropin (TSH) levels usually rise after the start of therapy but return to normal in 2--3 months.

The most likely mechanism of Amiodarone-induced hypothyroidism (AIH) is an increased susceptibility to the inhibitory effect of iodine and the inability of the thyroid gland to escape from the Wolff-Chaikoff effect after an iodine load in patients with pre-existing Hashimoto thyroiditis. In addition, iodine-induced damage to the thyroid follicles may accelerate the natural trend of Hashimoto thyroiditis toward hypothyroidism. It is likely that patients without underlying thyroid abnormalities have subtle defects in iodine organification that lead to decreased thyroid hormone synthesis, peripheral down-regulation of thyroid hormone receptors, and subsequent hypothyroidism.

### 3.10.1. Amiodarone induced thyrotoxicosis {#s3j1}

Amiodarone-induced thyrotoxicosis (AIT), contrarily to spontaneous hyperthyroidism, is more common in men than in women,[@b10] with a male-to-female ratio of 3: 1. Although Amiodarone-induced hypothyroidism poses no particular problem, Amiodarone-induced thyrotoxicosis is a diagnostic and therapeutic challenge. There are two main forms of AIT: (1) type 1, an iodine-induced hyperthyroidism, that usually occurs in abnormal thyroid glands; (2) and type 2, a drug-induced destructive thyroiditis, that develops in apparently normal thyroid glands (or small goiters) and that leads to the release of preformed thyroid hormones from the damaged thyroid follicular cells.[@b10] AIT can develop early or late during Amiodarone treatment, or even several months after drug withdrawal.[@b123] Total body iodine stores do not decrease up to 9 months after drug discontinuation. Type 2 AIT is associated with increased mortality risk, especially in elderly patients with impaired left ventricular function.[@b124] The onset of AIT is often sudden and explosive and may occur early after starting Amiodarone. AIT might present heavily symptomatic, especially in younger patients, whose clinical manifestations are indistinguishable from those of spontaneous hyperthyroidism. It\'s crucial to promptly identify the two subtypes of AIT and start appropriate therapeutic approach.[@b125] Classical symptoms may be absent for the anti-adrenergic action of drug and the impairment of T~4~ to T~3~ conversion, and the syndrome can be afforded after worsening of the underlying cardiac disorder, with occurrence of heart failure, tachyarrhythmias, angina, and weight loss.[@b10],[@b126]

Thyroid ultrasonography shows the presence or absence of a diffuse or a nodular goiter. Color flow doppler sonography (CFDS) of the thyroid is an important diagnostic tool to differentiate the two subtypes because type 2 AIT is characterized by absent hypervascularity (pattern 0), instead in type 1 usually there is an increased vascularity (patterns 1--3) and blood flow velocity.[@b127]

Search for thyroid-directed auto-antibodies, particularly TSH receptor autoantibody, is relevant only in AIT patients with an underlying and pre-existing Graves\' disease.

### 3.10.2. Amiodarone induced hypothyroidism {#s3j2}

Amiodarone-induced hypothyroidism (AIH) occurs more frequently than AIT in iodine-sufficient areas. In contrast to AIT, AIH is slightly more frequent in female patients, female to male ratio of 1.5: 1, who are older than AIT patients. AIH usually develops earlier than AIT, both in patients with apparently normal thyroid glands and in patients with pre-existing thyroid abnormalities.[@b10] The most frequent pre-existing abnormality is the presence of circulating thyroid peroxidase antibodies. It has been reported that the combination of female sex and antithyroid antibodies increase 13.5 times the risk of AIH.[@b128] Thus, pre-existing Hashimoto\'s thyroiditis is an established risk factor for the occurrence of hypothyroidism in Amiodarone-treated patients that have an enhanced susceptibility to develop myxedema. It is also possible that the cytotoxicity induced by Amiodarone would decrease the possibility of a developing goiter while receiving Amiodarone.[@b129]

The most likely pathogenic mechanism is that the thyroid gland of these patients, damaged by pre-existing Hashimoto\'s thyroiditis, is unable to avoid the acute Wolff-Chaikoff effect after iodine load and to resume normal thyroid hormone synthesis for a subtle defect in thyroid hormonogenesis.[@b130] This is supported by a positive perchlorate discharge test, indicating a defect in iodine organification. In addition, AIH accelerates the natural trend of the pre-existing Hashimoto\'s thyroiditis toward hypothyroidism.[@b130] It has been reported that AIH may spontaneously remit. Clinically, AIH is very similar to spontaneous hypothyroidism and arises with vague symptoms and signs, such as fatigue, cold intolerance, mental sluggishness, and dry skin.[@b122] A case of myxoedema coma occurring during long-term Amiodarone therapy has been reported.[@b131] In patients already on T~4~ replacement therapy, the dose of T~4~ may need to be increased to slow down the generation of T~3~ from T~4~ induced by Amiodarone.

Laboratory findings are similar to those in spontaneous hypothyroidism, such a decreased serum free T~4~ and increased serum TSH concentrations. However, high TSH levels are not useful in the first three months of Amiodarone therapy because are common features related to the medication. Serum TSH values \> 20 mIU/L are commonly seen in patients with AIH but rarely in euthyroid patients early in the course of treatment.[@b13] Serum thyroglobulin is often increased, probably related to the increased thyroid stimulation by TSH. The presence of circulating thyroid peroxidase antibodies increased the risk of permanent hypothyroidism.[@b122]

### 3.10.3. Treatment {#s3j3}

If it is necessary to continue Amiodarone for the underlying cardiac disorder, it can be continued in association with L-T~4~ replacement, given only once-daily administration. T~4~ replacement is almost always considered for patients with TSH \> 20 mU/L.[@b128] If discontinuation of Amiodarone therapy is feasible, spontaneous remission of hypothyroidism often occurs, particularly in patients without underlying thyroid abnormalities, while this outcome is less likely to occur in patients with Hashimoto\'s thyroiditis. The dose of T~4~ needed to normalize serum TSH may be higher in Amiodarone-treated patients, compared with conventional hypothyroid patients, an event that can be explained by Amiodarone-dependent inhibition of pituitary type 2 5-deiodinase intra-pituitary with a consequent decrease in T~3~ production.[@b13]

3.11. Amiodarone and the Syndrome of Inappropriate Antidiuretic Hormone Secretion (SIADH) {#s3k}
-----------------------------------------------------------------------------------------

SIADH is a rare but serious side effect of Amiodarone treatment, which physicians should be aware of particularly after the loading dose.[@b132] Amiodarone-induced SIADH may occur during the initial loading period and may be counteracted by reducing the dose without discontinuing the drug.

The mechanism of this adverse drug reaction is not known and could involve the channel modulating properties of Amiodarone at renal or brain level.[@b133] There is a clear temporal and dose-related association between hyponatremia and the loading phase, therefore serum electrolyte monitoring is mandatory during Amiodarone loading, and with some regularity thereafter. When SIADH occurs, Amiodarone dose must be reduced at first glance or otherwise discontinued to bring sodium level into normal range.[@b134],[@b135]

Identifying the exact cause of hyponatremia often is difficult. Most drugs that cause SIADH act by sensitizing the kidney and/or stimulating the release of antidiuretic hormone.[@b136] Whether Amiodarone acts by one of these mechanisms is not known. Hyponatremia resolves rapidly within 3--5 days after Amiodarone discontinuation, which is surprising because of the long half-life of Amiodarone.

4. Conclusions {#s4}
==============

Amiodarone is one of the most effective antiarrhythmic drugs but unfortunately carries a high toxicity profile. Adverse Amiodarone reactions---which involve different organs, including lung, thyroid, eye, and liver, can be life-threatening and pose challenges when Amiodarone is used to prevent ventricular arrhythmias and there are no alternative options. On the other hand, Amiodarone is widely prescribed in the elderly for the high incidence of AF in this population, notwithstanding there is no support from the current guidelines.

Being the elderly population at risk for adverse drug reactions, the choice of introducing Amiodarone in the geriatric population has, therefore, to be cautiously evaluated by internal medicine and geriatric specialist doctors, considering long and short-term side effects, interaction with other drugs and patient compliance.

It\'s advisable that patients under Amiodarone treatment are strictly monitored to intercept any potential insurgent side effects.

Additional data are needed to evaluate the impact of the rarest side effects reported in the literature to fully understand its benefits and disadvantages.
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